Polysaccharide-based coatings are an alternative to synthetic coatings for fruit conservation. On this study, we aim to evaluate the physical and chemical characteristics of breadfruit starch for coating using glycerol, sorbitol, and mannitol as plasticizers. We applied coatings composed of 7% starch and 2% plasticizers to cherry tomatoes, and evaluated the storage during 12 days at a temperature of 18 °C. The breadfruit starch had an amylose content of 27.17%, granular size of 0.85-0.87, a gelatinization temperature of 75.10 °C, characteristics of standard starch type B and low syneresis. Coatings composed of glycerol and sorbitol showed a reduction in mass loss and delayed ripening. Glycerol and sorbitol are recommended for preparing coatings based on breadfruit starch for post-harvest storage of tomatoes.
Introduction
There is a need to replace synthetic products as plastic coatings based on petrochemical materials with coatings based on natural products that are renewable or biodegradable for improving storage of plant products like fruits. The use of natural products as material for coating may decrease production costs, as well as being abundant in nature and renewable. Coatings based on polysaccharides are a versatile alternative to applications in the food industry, not just aiming to improve food conservation (Falcão-Rodrigues et al., 2007; Cazón et al., 2017; Nawab et al., 2017) , but also to produce an environmentally friendly product.
Starch is a highly demanded product in the food industry due to its low price, abundance, and versatility. Non-conventional starches may supply part of the demand (Nawab et al., 2017) , such as breadfruit starch (Artocarpus altilis). Breadfruit is a tropical fruit from Malaysia, South Pacific, and the Caribbean from the Moraceae family (Nwokocha & Williams, 2011; Turi et al., 2015) containing from 18 to 37 g/100 g of carbohydrates in its composition. The amylose and amylopectin contents vary from 16.4 to 53.7% and 72.3 to 77.5%, respectively, the granular size from 0.5 to 37.8 µm, a gelatinization temperature of 69.3 °C and crystallinity of 14.3% (Turi et al., 2015; Tan et al., 2017) .
Cherry tomato (Solanum lycopersicum var. cerasiforme) is a suitable fruit for testing coatings. Cherry tomato is a fruit that is consumed all over the world, is rich in vitamin C, flavonoids and β-carotene (Wu et al., 2016) . However, cherry tomatoes are seasonal and highly perishable due to transpiration, needing storage technologies to maintain their physiological, physical, chemical and biochemical characteristics (Fagundes et al., 2015; Nawab et al., 2017) . Studies on tomato conservation (Fagundes et al., 2014 (Fagundes et al., , 2015 Badawy & Rabea, 2009; Ali et al., 2010 Ali et al., , 2013 Beckles, 2012; Nawab et al., 2017) indicate that coatings with new ingredients may be tested in the preservation of texture and nutritional value of the fruit.
Therefore, this study evaluated the characteristics of starch made from breadfruit (Artocarpus altilis) and its efficiency when associated with plasticizers such as glycerol, sorbitol and mannitol as a coating for cherry tomato (Solanum lycopersicum var. cerasiforme).
Materials and methods
We used breadfruit (Artocarpus altilis) as raw material from the apyrena variety. We collected the breadfruits in the Santa Rita region, Paraíba, Brazil. Breadfruit was harvested in an unripe state and analyzed at the Laboratory of Grain and Cereals of Federal University of Campina Grande (UFCG).
The cherry tomatoes (Solanum lycopersicum var. cerasiforme) were sampled according to size, aspect, and color. Tomatoes with a predominantly reddish color in the peel, free from damage and fungi were used in this study.
Starch extraction
The starch was extracted following the method described by Adebowale et al. (2006) , using the insolubility principle. The breadfruits were peeled, cut into cubes and immersed in 
Physical-chemical parameters
We evaluated the moisture, protein (N x 6.25), lipid and ash content from the breadfruit in nature and the starch, using the methods 44-15.02, 46-13.01, 30-20.01 and 08-01.01 (American Association Cereal Chemists, 2010) , respectively. The total starch content was determined using the Antrona method (Labanca et al., 1999) . Amylose content was determined following the method described by Martínez et al. (1989) .
Scanning Electron Microscopy (SEM)
The morphology evaluation of the starch granule was performed using a Scanning Electron Microscope (SEM) with micrographs obtained under a JEDL Ltd. microscope (5800LV, Akishima, Japan) under a voltage of 3 kV. We used a working distance (WD) of 13 mm and increases of 2000x to 5000x in the Laboratory of Electron Microscopy of the Physics Department of the Federal University of São Carlos (UFSCar).
X-ray diffraction
X-ray diffractograms of the starch were obtained in a Rigaku X-ray Diffractometer-Rigaku Corporation diffractometer (Miniflex, Dsaka, Japan) operated at (30 kV, 15 mA), with a 0.05 pitch and scanning rate of 1°/min at room temperature. The diffraction scanning range was adjusted to angles of 5° ≤ 2(θ) ≤ 60°2
.5 Water absorption capacity
The water absorption capacity (WAC g water /g starch ) of the breadfruit starch was performed by the method of Beuchat (1977) .
Gelling and starch paste characteristics
The gelling capacity was analyzed according to the method described by . The starch paste properties were evaluated in the Rapid Visco Analyzer-Perten Onstruments Rapid Viscosity Analyzer, (RVA 4500, Huddinge, Sweden). The viscosity profile was determined using Standard 1 heating program (the sample was held at 50 °C for 1 minute, heated to 95 °C for 3.75 minutes and kept at this temperature for 2.50 minutes, cooled to 50 °C for 3.75 minutes and held at this temperature for 2 minutes, lasting a total of 12 minutes). The evaluated parameters were pulp temperature (°C), maximum viscosity (Cp), peak time and tendency to retrograde (Cp). The measurements were performed in triplicate.
Paste clarity
To determine the clarity of the paste, the sample absorbance was measured in a Biospectro  digital spectrophotometer (SP 220, Curitiba, Brazil), in the visible light interval at 640 nm, during the periods of 24, 48, 72 and 120 hours (Singh et al., 2004) .
Syneresis
Syneresis was determined as the concentration in which the sample did not previously slip through the tube in the gel analysis. The samples were stored at 4 °C for 24, 48, 72, 120 and 360 h. Syneresis was measured as the percentage (%) of water released after centrifugation of the samples in a Cientec  centrifuge (CT-5000R, Belo Horizonte, Brazil) at 1500 x G for 15 minutes (Singh et al., 2004) .
Preparation of the starch-based breadfruit coating
The coatings were made with 7% (w/v) breadfruit starch in distilled water where the solution was heated to 95 °C in a water bath for 5 minutes over manual stirring until complete dissolution. The plasticizing solutions of glycerol (C1), sorbitol (C2) and mannitol (C3) were added to the starch solution at the concentration of 2% (v/v). The cherry tomatoes were immersed for 1 minute in the corresponding film-forming solution until natural drying at 25 °C. The samples were placed in polypropylene trays and stored in an incubation chamber by biochemical oxygen demand (BDD) in the chamber-NEWLAB (NL 161-01, Piracicaba, Brazil) at 18 °C with a relative humidity of 60-75% and evaluated at the 1 We tested three treatments with the plasticizing solutions of glycerol (C1), sorbitol (C2) and mannitol (C3), and a control without any coating in cherry tomatoes. On addition, shelf-life was monitored as described below.
Characterization of cherry tomatoes
The characteristics evaluated in the cherry tomatoes were mass loss, moisture, ash, pH, titrated acidity, citric acid, ascorbic acid, total soluble solids, maturation index and water activity. The fruits were weighed in a semi-analytical Engineering scale (M163, Piracicaba, Brazil) with mass loss expressed in percentage (%), calculated from the final and initial weight difference. Determination of the moisture and ash content was performed by the method proposed by the American Association Cereal Chemists (2010). Titrated acidity (TA), pH, percentage of citric acid, ascorbic acid and total soluble solids (°Brix) (TSS) were determined according to Methods no. 942.15, no. 981.12, no. 967.21 and no. 932.12, respectively (Association of Dfficial Analytical Chemists, 2005) . The maturation index was calculated using the TSS/TA ratio. Water activity (WA) was determined by direct measurement in a Decagon apparatus, Pulman-AquaLab (3TE, Washington, USA), adding the sample into the equipment compartment at a temperature of 25 °C.
Sensory evaluation of coated cherry tomatoes
The coated tomatoes were sensorially evaluated for visual acceptability using a hedonic scale of 1 to 9 points, corresponding to 1 (O really disliked it) and 9 (O enjoyed it very much) (Dutcosky, 2013) . The evaluation was performed with an inexperienced team of 60 people from different ages that make up the university community of the Federal University of Campina Grande (UFCG). The cherry tomatoes were visually observed by the judges in individual monotonic cabins arranged in glass plates, with standardized amounts (1 fruit per treatment evaluated), under controlled temperature and lighting conditions. The tomatoes were encoded with three digits. The purchase intention of consumers was evaluated through a purchase intention test using a 5-point verbal scale, with 1 corresponding to "O would certainly buy it" and 5 to "O would certainly not buy it".
The participants of this analysis answered the Check All That Apply (CATA) questionnaire containing sensorial attributes to describe the samples, according to the methodology described by Ares et al. (2010) . The position of the terms in the questionnaire was balanced according to the adapted method recommended by Ares et al. (2014) to avoid tendency.
Statistical analysis
The mean results of three replicates were analyzed by Analysis of Variance (ANDVA) obtained by the mean and standard deviation. The means were submitted to the Tukey test, considering the level of probability of error (p) less than 5% to determine the significance. The data were analyzed through Assistat version 7.6 beta software (Universidade Federal de Campina Grande, 2014) . Correspondence analysis was used to determine the association between CATA and hedonic answers. We used the R software for sensory analysis of the CATA (R Core Team, 2014).
Results and discussion
The efficiency of starch extraction from breadfruit was 27.87% (w/w). This was a higher value than that reported by Nwokocha & Williams (2011) of 14.30-18.50%, and Ricón & Padilla (2004) of 18.51%. This difference can possibly be explained by the maturation degree, climatic conditions and seasonal effect of the fruit (Turi et al., 2015) .
Breadfruit in natura showed a moisture content of 68.76% (± 0.02), ash content of 0.61% (± 0.01), protein of 1.73% (± 0.01), lipid content of 0.55% (± 0.01), carbohydrates content of 17.2% and starch content of 24.68% (0.39). For Nacitas Latchoumia et al. (2014) , the driest season is the best time to harvest the fruits, obtaining a higher concentration of carbohydrates and a sweeter flavor because the climatic conditions favor the accumulation of this macronutrient.
The obtained starch had a moisture content of 12.56% (± 0.05), with low contents of ashes (0.33% ± 0.01), lipids (0.36% ± 0.01) and proteins (1.27% ± 0.01). The obtained starch content was 83.97%; a value similar to that found by Adebowale et al. (2005) of 84.48%, indicating the efficiency of the method used for its extraction. The amylose content was 27.17%. The differences may be related to the cultivars and/or the fruit harvest season (Akanbi et al., 2009; Ricón & Padilla, 2004; Tumaalii & Wootton, 1988; Wang et al., 2011; Wootton & Tumaalii, 1984; Turi et al., 2015; Nwokocha & Williams, 2011) .
A predominantly spherical shape was observed with smooth surfaces and small aggregates in the morphology of starch granules (Figure 1a, b) . The granules presented circularity ranging from 0.85-0.87 μm and elongation factor (maximum diameter/minimum diameter) of 1.66. According to Rowney et al. (2003) , samples with circularity equal to 1 indicate perfectly circular particles. A higher value (1.59) was found by Nwokocha & Williams (2011) The starch presented low water absorption capacity (WAC), 1.06 g water /g starch (± 0.07), which might be due to the amylose content. The breadfruit starch presented as liquid at concentrations of 2-4% (w/v), viscous at 6-10% (w/v) and the lowest concentration of gel formation (LGC) was 12% (w/v). On contrast, Adebowale et al. (2006) obtained the lowest gel concentration of 6%.
The starch showed an increase in viscosity in the initial heating phase. The granules began to swell at a temperature of 75.10 °C. The maximum viscosity was 3349.00 cP at a temperature of 78 °C. Posterior cooling led to a decrease in viscosity (2651.00 cP) and after it increased to 5200 cP of viscosity.
The clarity of the starch paste in the first 24 hours of storage was 5.61%, with a decrease in light transmittance to 5.10% in the next five days of storage, with statistical significance. Syneresis is related to water expulsion during the retrogradation of the starch gel through a strong interaction of amylose and amylopectin chains (Denardin & Silva, 2009 ). The amount of starch released (syneresis) in the first 24h was 14.77% (± 0.14), decreasing the water release during the storage period, reaching 28.88% in 360 hours. The breadfruit starch presented low syneresis and could be applied to films, refrigerated or frozen products.
The cherry tomatoes without coating (Control cherry tomatoes) had an initial mass of 8.31 g (± 0.04), a moisture content of 93.89% (± 0.17), water activity of 0.999 (± 0.01), ash of 0.35% (± 0.02), pH of 4.13, titratable total acidity of 0.71% (± 0.06), vitamin C of 16.3 mg ascorbic acid/100 g sample (± 0.09) and total soluble solids of 5.5 °Brix (± 0.03). Vieira et al. (2014) found similar results for moisture content of 91.47%, ash of 0.33%, pH of 4.46 for conventional tomatoes, and also found a lower total titratable acidity of 0.44%, higher total soluble solids and 6.95 °Brix.
Coatings tend to decrease the effect of mass loss due to transpiration during the period of the post-harvest handling and storage of fruits (Tumwesigye et al., 2017) . The coatings containing glycerol (C1) and sorbitol (C2) showed a reduction in the mass loss when compared to the control (CT), while the coating with mannitol (C3) showed a high mass loss (54%) (Figure 3a ). Moisture and water activity reduced with the increase in storage time. C3 treatment showed the most significant reduction in moisture, thus corroborating the results observed for fruit mass loss due to water loss (Figure 4b ).
Titratable acidity, pH and total soluble solids (°Brix) can be used to evaluate food quality in the post-harvest period due to its influence on processing conditions (Vieira et al., 2014; Tumwesigye et al., 2017) . Most of the evaluated fruits were within the ideal range for cherry tomatoes, where the desirable pH is between 4.5 and 3.7. Ot was observed that there was an increase in pH in the studied storage period and that C3 presented a pH increase from 4.16 (± 0.02) to 4.84 (± 0.03). The increase in pH occurs due to the decrease in concentration of organic acids which are used as a substrate for the respiration process, or in the transformation into sugars after maturity (Fagundes et al., 2015) . The results found for treatment C3 indicate an accelerated maturation process when compared to C1 (4.48 ± 0.01) and C2 (4.61 ± 0.01). The lower pH values are directly related to the more acidic taste (Fagundes et al., 2015) . Titratable total acidity decreased during the storage period, and C3 presented lower acidity (Figure 4f) .
A gradual increase in the concentration of total soluble solids (°Brix) during the storage period (Figure 4e ) was observed. However, they were higher in C3 and CT compared to C1 and C2 cherry tomatoes. The increase in total soluble solids during storage is due to the degradation of polysaccharides in the respiratory process of fruits (Chitarra & Chitarra, 1990) . The SST/TA ratio (maturation index, MO) was higher in the C3 and CT treatments (18.07 and 14.62, respectively) than in the C1 and C2 treatments (10.51 and 9.83, respectively) ( Figure 3f ). Higher values of SST/AT ratio imply a smooth taste of the fruit due to the sugar and acid combination of the ripening (Ferreira et al., 2004) . C3 and CT presented higher losses of ascorbic acid with storage time (Figure 4h ). C1 and C2 showed low loss of ascorbic acid, delaying the metabolic process and consequent degradation of ascorbic acid. Treatments C1 and C2 probably act as the best barrier against oxygen permeation.
The tomatoes were sensorially evaluated (Figure 3 ). C3 did not present good acceptance, being statistically different and received low scores on all evaluated attributes. The fruits showed cracks in the surface and were wilted on the skin. C2 presented no statistical difference (p > 0.05) regarding the general appearance of the fruit between the 1 st and 12 th day of storage, with a score varying from "moderately liked" to "liked very much". C1 did not differ statistically between the 1 st and 9 th day. The control showed a decrease in preference from the 3 rd day of storage, from the "moderately liked" score to "neither liked nor disliked". treatments. Dbservations made by the judges indicated that fruits from C3 had off-white appearance evidencing the non-efficacy of the plasticizer for the coating of cherry tomatoes. C1 and C2 presented better sensory scores for overall acceptance when compared to control, attesting to the efficacy of glycerol and sorbitol coating.
Regarding the intention to buy, 80% and 68.3% of judges "would certainly buy" the fruits at the C1 and C2 treatment. With storage time, the C1 and C2 coated tomatoes maintained their grades regarding the judges' intention to buy, and the control tomatoes lost their preference. Judges indicated that they would not purchase C3 fruits, and the scores ranged from "certainly would not buy" to "possibly would not buy", presenting 86.6% rejection on the 12 th day.
From the CATA analysis of tomatoes coated with breadfruit starch with different plasticizers (Figure 5) , it was possible to observe that C1 and C2 presented characteristics of bright, uniform, pleasant, and vivid. The control tomatoes were described as not very bright, pale and opaque, and fruits from C3 were classified as exudative, brittle or cracked, unpleasant, with particles, containing holes and fragments, atypical coloring and non-uniform.
The sensorial results corroborate the physical and chemical attributes and suggest that the treatment using mannitol as a plasticizer was not effective in the conditions used in this study. Ot was observed that coatings with glycerol and sorbitol showed better results and could be indicated as plasticizing agents for the preparation of a starch-based coating from breadfruit. Grades attributed by the judges for each attribute of cherry tomatoes (general appearance, color, brightness and overall acceptance) during storage. Mean ± standard deviation (n = 60 a day). The means followed by the same letter do not differ statistically from each other by the Tukey test at the 5% probability level. Lower case are the differences among treatments, upper case are the differences in time. 
Conclusion
Breadfruit starch may be an alternative for use in bioproducts, which can be used in coatings with glycerol and sorbitol. Coatings with glycerol and sorbitol in combination with breadfruit starch delayed the maturation process of the cherry tomato. Sensory results confirm that glycerol or sorbitol coatings are indicated for preparation of starch-based breadfruit coating, improving the post-harvest quality of cherry tomatoes with a higher acceptance and purchase probability than fruits without coating. Thus, coatings based on breadfruit starch can serve as subsidies for the development of new technologies in the food industry. 
